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1.	Policy	and	scientific	context	
1. EU	Policy	- Urban	Agenda	Policy	(see	also	PRDD)
A	>15	years	recognized	challenge…
with a strong normative assertion: compactness
The Leipzig Charter, 2007, p.4
An important basis for efficient and sustainable use of resources is
a compact settlement structure. This can be achieved by spatial and urban
planning, which prevents urban sprawl by strong control of land supply and of
speculative development. The strategy of mixing housing, employment, education,
supply and recreational use in urban neighbourhoods has proved to be especially
sustainable.
…and	a	shared	
vision	across	
Europe
European Commission, Cities
of Tomorrow, 2011, p42
more recently added with a
second normative assertion:
green!
Urban	Agenda	for	the	EU
Amsterdam	Pact,	2016
SUL-NBS	action	plan
“supporting	sustainable	land	use	through	promoting	
compact	city	development,	reducing	urban	sprawl	
and	minimising land-take	– and	nature-based	
solutions are	regarded	as	one	important	tool	and	
means through	which	this	can	be	achieved.”	(p.6)
Urban	Agenda	for	the	EU
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Urban	Agenda	for	the	EU
Amsterdam	Pact,	2016
Air	Quality	action	plan
- very	vague as	to	the	role	of	urban	planning
- plans	are	so	far	rather	information	and	
technology	orientated
Urban	Agenda	for	the	EU 1.	Policy	and	scientific	context	
1. EU	Policy	- Urban	Agenda	Policy	(see	also	PRDD)
2. Scientific	agreement	on	sprawl	vs	compactness
Large	agreement	to	halt	‘excessive’	sprawl
• Environmental	reasons:	Urbanisation =>	GHG	Emissions,	fragmentation	of	ecosystems,	too	
demanding	on	energy	resources		that	are	limited,..
• Economic	reasons:	Urbanisation accommodates	population	growth	but	excess	sprawl	leads	
to	3	market	failures	(Brueckner,	2000.	Urban	sprawl:	diagnosies and	remedies,	IRSR)
1. Social	value	of	lost	green/natural	space	is	underestimated	because	of	
sequential/fragmented	decision	making	=>	too	much	land	is	artificialized	and	
access/view	to	nature	is	reduced
2. Individuals	do	not	account	for	their	own	effect	on	congestion	and	pollution	=>	cities	
are	too	big	and	there	is	too	much	road	infrastructure
3. Real	estate	developers	do	not	take	up	the	costs	of	public	infrastructures related	to	
their	projects.	Developing	land	appears	less	costly	,	which	promotes	excess.
How	urban	forms	
affect	mobility	
behaviour is	unclear
(e.g.	Boarnet and	Crane,	
2001,	Cervero,	2003)
Compact	does	not
lead	to	shorter	
commuting
(e.g.	Ew ing	and	Hamidi
2015	rejoining	Richardson)
Large	compact	cities	
may	be	no	man’s	
land	for	wildlife
(e.g.	Wade	et	al.,	2009)
Modest	
environmental	
gains	given	social	
and	economic	costs
(e.g.	Breheny,	1997,	
Echenique et	al.,	2012,	
W illiams,	Burton,	Jenks	
2000)
=>	more	clever	spatial	arrangements	of	people,	nature	and	networks
within	urban	regions	than	sprawl	or	compact	to	be	found
urban	form	– transport urban	form	– environment
….	but	literature	is	not	very	supportive	of	compactness
….	or	even	claim	that	sustainability	is	not	related	to	“forms”	
but	only	behaviour,	technology	and	processes	
“Current	planning	policy	strategies	for	land	use	and	
transport	have	virtually	no	impact	on	the	major	long-term	
increases	in	resource	and	energy	consumption.”
“the attempt to make cities more sustainable only by 
using urban form strategies is counterproductive”
1.	Policy	and	scientific	context	
1. EU	Policy	- Urban	Agenda	Policy	(see	also	PRDD)
2. Scientific	agreement	on	sprawl	vs	compactness
3. Need	to	reconceptualize density	- not	a	single	metric
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“policy needs to be more versatile in its conceptualisation
of density. At the moment, spatial density in policy terms 
is viewed mostly as the number of dwellings per area.”
needs—as well as the quality and context of immediate
and surrounding environments (see Cohen & Gutman,
2007; Day & Day, 1973; Raman, 2010; Rao, 2007;
Rapoport, 1975). To that end, we have developed a new
conceptualisation of density that incorporates both the
‘hard’ and ‘soft’ elements (see Fig. 5).
The re-conceptualisation of density illustrates that,
for density to be a viable concept within practice and
policy, decision-makers must consider all three dimen-
sions together in a more holistic, joined-up (Dave,
2010), and dynamic manner. For example, a transporta-
tion planner is thinking about infrastructure needs for
new and existing developments in an area and how those
needs fit into the surrounding context. He or she
calculates the density of new and proposed bus stops in
an area so that supportive infrastructure can be added
(e.g., bus shelters with real-time information signs) to
achieve a proper balance between the density of users
and the bus service being offered. Other decision-
makers (e.g., residents, local businesspeople) may make
decisions about whether to live, work or stay in the area,
based not only on this density of transport, but also on
the quality of the transport and associated infrastructure.
Even if the transport planner decides to instal many bus
stops in an area, the quality of bus stops may be poor
(e.g., no seating, no transit route maps) or the frequency
of buses may be nominal. In addition, individual
perceptions of the safety regarding the use of the stops
and the buses may be low because of contextual factors
(e.g., high crime rate in the neighbourhood). Thus, it
will not matter how dense the bus stops become: the bus
service will be under-utilised. Therefore, it is important
for the transport planner to know about the ‘softer’,
more qualitative side of density in addition to the
‘harder’, more quantitative side when making decisions
about density.
7.1. Density policy
Based on the work in this paper, the authors believe
that, for density policy to be truly effective, three issues
need to be considered: flexibility, versatility and an
understanding of the ‘hard’ and ‘soft’ elements of
density. First, although having a common base from
which to start is helpful to avoid confusion in terms and
measures (DETR, 1998 ), density policy needs to be
more flexible and responsive to the context in which it is
to be delivered. The common base may involve
definitions of density used in policy that, for example,
could be similar across different levels of government—
and some of the definitions provided in Table 1 show
commonalities at different scales of development.
However, policy must not be overly deterministic in
its language so as to prevent innovative solutions for
local and regional density-based problems (Haughton &
Hunter, 1994 ).
Second, policy needs to be more versatile in its
conceptualisation of density. At the moment, spatial
density in policy terms is viewed mostly as the number
of dwellings per area. However, domestic buildings,
both existing and new, cover only 1.1% of England’s
total area (Aldred, 2010). Of the remaining 11.9% that
is built upon, th re are other land uses and forms for
which density policies could b  formulated. The
taxonomy of density, as outlined in Fig. 1, provides a
useful starting point for policy-makers as they try to
develop guidance for density. The taxonomy illustrates
that density is comprised of many different types—
natural form, built form, mobile material form, static
form and  people—and that empirical evidence exists for
various relationships with density, some of which can
profoundly impact the design and use of urban
environments. Furthermore, there is the potential for
the taxonomy to show contradictions between different
types of densities (DETR, 1998 ). For example, greater
densities of alcohol premises and advertising hoardings
in high-density, poorer neighbourhoods may lead to
greater instances of alcoholism. Only making planning
or design decisions on one type of density relationship,
such as high-density, poorer neighbourhoods having
higher rates of alcoholism, may neglect underlying
contributions for alcoholism, such as the density of
C.T. Boyko, R. Cooper / Progress in Planning 76 (2011) 1– 6152
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Fig. 5. New conceptualisation of density.
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Abstract
As a spatial concept, density is a useful tool in predicting and controlling land use. However, policymakers, practitioners,
academics and citizens are often uncertain about how density, and especially higher densities, can be best utilised to create and
nurture the design of urban environments. Barriers related to definitions, calculations, concepts and correlations with relevant
issues prevent people from understanding density beyond a simple ratio of units to area. More needs to be done to show
that d nsity plays a key role in planning, arch tecture and urban design, a d that discussio s of density cannot be done in
isolation of a whole host issues found in the built and natural environment. To that end, this paper aims to clarify some of the
issu s surroun ing density, particularly about available definitions, calculating terms, the advantages and disadvantages of
increasing densities in cities and uncovering relationships between density and issues pertinent to the design of urban
environments. With these relationships in mind, a new way of visualising density is then offered—through a taxonomy of
density—that categorises density into its component parts, allowing scholars, policymakers and practitioners to understand
what aspects of density have been examined and what gaps are still present. Finally, a re-conceptualisation of density is
presented, illustrating that density is more than a quantitative calculation that exists on its own; rather, for density to be
considered as an integral part of the urban environment, both ‘hard’ (i.e., quantitative) and ‘soft’ (i.e., qualitative, contextual)
elements must be included.
# 2011 Elsevier Ltd. All rights reserved.
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Density	alone	to	be	reconsidered	– not	a	sufficient	norm
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Abstract
The literature on urban sprawl confuses causes, consequences, and conditions. This
article presents a conceptual definition of sprawl based on eight distinct dimensions of
land use patterns: density, continuity, concentration, clustering, centrality, nuclearity,
mixed uses, and proximity. Sprawl is defined as a condition of land use that is repre-
sented by low values on one or more of these dimensions.
Each dimension is operationally defined and tested in 13 urbanized areas. Results for
six dimensions are reported for each area, and an initial comparison of the extent of
sprawl in the 13 areas is provided. The test confirms the utility of the approach and
suggests that a clearer conceptual and operational definition can facilitate research on
the causes and consequences of sprawl.
Keywords: Land use/zoning; Urban environment
A metaphor rich in ambiguity
Urban sprawl is one name for many conditions. It has been attached to
patterns of residential and nonresidential land use, to the process of ex-
tending the reach of urbanized areas (UAs), to the causes of particular
practices of land use, and to the consequences of those practices. Sprawl
has been denounced on aesthetic, efficiency, equity, and environmental
grounds and defended on choice, equality, and economic grounds. Sprawl
has become the metaphor of choice for the shortcomings of the suburbs
and the frustrations of central cities. It explains everything and nothing.
Housing Policy Debate · Volume 12, Issue 4 681
© Fannie Mae Foundation 2001. All Rights Reserved. 681
Beyond	density,	need	for	multi-dimensional	metrics
1. Density
2. Continuity
3. Concentration
4. Clustering
5. Centrality
6. Nuclearity
7. Mixity
8. Proximity
Density
Continuity
Concentration
Clustering
Centrality
Nuclearity
Mixity
Proximity
1.	Policy	and	scientific	context	
1. EU	Policy	- Urban	Agenda	Policy	(see	also	PRDD)
2. Scientific	agreement	on	sprawl	vs	compactness
3. Need	to	reconceptualize density	- not	a	single	metric
4. Need	to	connect	density	with	behavioural fundamentals
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Residential	choice	(1)	is	a	trade-off	between	
space	and	time
• Households	trade-off	
housing	costs	vs	transportation	costs
A	larger/smaller private	space	or	a	shorter/longer	time	spent	in	transportation
• Alonso-Muth-Mills	(1964)	– standard	urban	economic	model
• NB:	In	a	perfect	world,	housing	prices	compensate	the	two	costs	=>	equally	happy	
whatever	the	distance	
• Explains	density (and	land	value)	decreasing	with	distance	to	main	centers
Urban	expansion	is	then	explained	by
- Population	(migration)	increase			(translation	effect)
- Increasing	income	or	decreasing	transportation	costs	 (rotation	effect)
Brueckner 2011
Residential	choice	(1)	is	a	trade-off	between	
space	and	time
• Households	value	localized	amenities,	related	to	local	density
• Low	density	amenities:
• Proximity	to	nature	/	green	space
• =	a	powerful	driver	of	sprawl,	fragmented	urbanisation
• Paradoxically,	reinforced	by	compactness	policies!
• cleaner	air	(?)
• High	density	amenities
• Urban	life:	theaters,	museum,	cafés,… usually	related	to	city	size	(agglomeration	benefits)
• Social	interactions	in	close	proximity
• Nuisances:	noise,	heat	islands,	pollution	
• NB:	In	a	perfect	world	housing	prices	also	compensate	this	“voting	with	your	feet”	
(Tiebout)	and	neighbourhoods	competition
Residential	choice	(2)	considers	local	density	
effects) Outline
1. Policy	and	scientific	context	
2. Stylized	facts:	urbanised land	and	population	density	profiles	across	
Europe
3. Abstract	tools:	simulation	to	understand	policy	effects	in	a	
controlled	environment	
2.	Stylized	facts:	urbanised land	and	
population	density	profiles	across	Europe
1. Goals	and	assumptions
2. Europe
3. Brussels
Source:
• Ongoing	FNR	Scale-it-up	project	with	P	Killgariff,	Y	Wei	and	R	Lemoy
• Lemoy,	R.	and	Caruso,	G.,	2018.	Evidence	for	the	homothetic	scaling	of	urban	forms.	Environment	
and	Planning	B:	Urban	Analytics	and	City	Science.
• Delloye,	J.,	Lemoy,	R.	and	Caruso,	G.,	2019.	Alonso	and	the	scaling	of	urban	profiles.	Geographical	
Analysis.
Goals
• Empirical	validation	of	the	standard	urban	model	and	of	the	distance	
trade-off
• First	comprehensive	and	comparable	analysis	of	urban	land	and	
density	gradients	for	all	European	cities	(>100	000	inh)
• Is	there	a	common	profile	across	Europe
• What	is	the	effect	of	city	size	on	the	profile?
• What	is	the	effect	of	the	profile	on	environmental	outcomes	
(pollution,	heat	islands,	energy	consumption,	etc.)	(ongoing	PhD)
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Radial	assumption?	Polycentricity?
• Rationale:	housing	vs	transport	trade-off
• Monocentricity is	not	far	from	reality	for	a	very	large	set	of	cities
• Center-periphery	(radial)	interactions	are	numerous	and	add	to	
commuting	trips
• Dominance	of	one	center	in	polycentric	systems
• Polycentricity depends	on	scale,	i.e.	delineation	of	cities	(see	later	for	
a	resolution)
Intra-urban	scale
Urban	Economics
Inspired	from	Celine’s	Rozenblat talk
Adapted	from	Angel	&Blei
Inter-urban	scale
Polycentricity
Core-Periphery	Economic	Geography	way
Adapted	from	Angel	&Blei
2.	Stylized	facts:	urbanised land	and	
population	density	profiles	across	Europe
1. Goals	and	assumptions
2. Europe
3. Brussels
Source:
• Ongoing	FNR	Scale-it-up	project	with	P	Killgariff,	Y	Wei	and	R	Lemoy
• Lemoy,	R.	and	Caruso,	G.,	2018.	Evidence	for	the	homothetic	scaling	of	urban	forms.	Environment	
and	Planning	B:	Urban	Analytics	and	City	Science.
• Delloye,	J.,	Lemoy,	R.	and	Caruso,	G.,	2019.	Alonso	and	the	scaling	of	urban	profiles.	Geographical	
Analysis.
Dataset:	300	cities	
Example:
Vienna
Urban	Atlas
Dataset:	Urban	Atlas
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Example:
Vienna
Geostats
Population
downscaling
Population	downscaling
Example:
Vienna
Application
of	concentric
rings	around
center
Radial	analysis
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Artificial land use and scaling
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Rescaling the
x-axis only, by the
square root of
population:
r 0 = r/k ,
k =
p
N/NLondon
Homothetic scaling of urban forms Rémi Lemoy (1), Geoﬀrey Caruso (1,2)
Artificial	Land	profiles	in	Europe
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Rescaling the
x-axis only, by the
square root of
population:
r 0 = r/k ,
k =
p
N/NLondon
Homothetic scaling of urban forms Rémi Lemoy (1), Geoﬀrey Caruso (1,2)
Artificial	Land	profile	in	Europe	- rescaled
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Artificial land use and scaling
Rescaling the
x-axis only, by the
square root of
population:
r 0 = r/k ,
k =
p
N/NLondon
Homothetic scaling of urban forms Rémi Lemoy (1), Geoﬀrey Caruso (1,2)
Artificial	Land	profile	in	Europe	- rescaled
Finding	1:	Strong	
centr 	trend	
(“l w”)
Cities	are	
homotheties!
Finding	2:	Square	
root	is	optimal	
rescaling
Introduction Data and Methods Cities and scaling Conclusion
What is the best rescaling exponent?
’Signal’=R hs(r 0)i2⇡r 0dr 0
aaa
’Noise’=R
 (s(r 0))2⇡r 0dr 0
aaa
r 0 =
r/(N/NLondon)a
Conclusion: cities are homothetic discs
Homothetic scaling of urban forms Rémi Lemoy (1), Geoﬀrey Caruso (1,2)
Cont’d	:	Regression	estimate	of	the	urban	land	gradient	for	any	city
and spatial extent. The data to do this is available, at the same time very detailed and covering
many urban areas. But this is not an easy problem. Cities are quite heterogeneous and diﬃcult to
model. Here we use the lens of radial analysis (center-periphery), which is a nice simplifying tool.
With the results of a previous work [1], we expect a certain behaviour for these artificial land
use profiles: they should all start at 100% in the center, since the city hall is supposed to be on
artificial land, and it decreases faster for smaller cities. Actually, [1] show that these profiles scale
horizontally with the square root of the total population. This can be written mathematically as
sN (r) = s1(r/
p
N), with s1(0) = 1 (see also [2]). We aim here to confirm the results of [1] with
regression methods, and to characterize the mathematical form of this sN function and its scaling
properties.
The present work also aims to understand why the scaling laws found by [1] were not uncovered
before, considering the amount of literature studying urban radial profiles (CITATIONS? [3, 4]).
2 Data and methods
Same data as in [1], Urban Atlas 2006, 300 LUZ. We focus on land use here.
The city center is chosen as the location of the city hall.
Rings of width 100
p
2 ' 141m. We average land use and distance inside, and then interpolate
linearly every 100m (a bit strange, maybe I should explain...).
We just ignore No-data in the beginning, but we will do more later...
3 Results
3.1 Linear and non-linear models
First we try a simple exponential fit fo each city. There are two ways to do this: to do a line r fit
of the logarithm, or to do a non-linear fit of the raw value.
log(sN (r)) ⇠ log(aN )  r/lN
sN (r) ⇠ aN exp( r/lN )
In both cases, a square error is minimised, but not the same one: the linear fit of the logarithm
minimises the (squared) relative error, while the non-linear fit minimises the (squared) absolute
error. The results are illustrated on Figure 1. We observe that the results of the non-linear fit are
closer to the expectations of [1], and also more pertinent. Indeed, if we consider first the predicted
share of artificial land in the center, the linear model gives widely dispersed values, ranging from
20% to roughly 200%. We note in particular that values above 100% are not possible in reality.
By comparison, the values given by the non-linear fit are much less dispersed, between 40% and
130%, and most values are concentrated around the expected 100%. Considering now the predicted
characteristic decrease distance lN , the non-linear fit gives again less dispersed values, which also
2
Linear	(L)	
Non	Linear	(NL)
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Figure 1: Exponential fits of artificial land use profiles: predicted share of artificial land in the center
(left) and inverse decrease distance (right), for both linear and non-linear fit. The straight lines give
expectations from [1]: 100% on the left (whatever the total population), and a decrease with the square
root of total population on the right.
follow much more closely the
p
N scaling law found by [1]. Indeed, the estimated characteristic
decrease distances of the linear and non-linear models are fitted against total population N and the
results are displayed in Table 1 (models L and NL, respectively).
log(lN ) ⇠ log(l1) + ↵ logN
lN ⇠ l1N↵
The estimates of the linear model L follow a scaling law with an exponent around 0.3 and a low R2,
while the estimates of the non-linear model follow closely the
p
N scaling law, with a higher R2.
We see this all as pointing to the fact that the non-linear fit is more informative than the linear
one, because the non-linear fit describes the city center better than the linear fit. Indeed, the non-
linear fit minimises the square error of the artificial land use shares, while the linear fit minimises
the square error of the logarithm of these shares. As these shares are decreasing when the distance
from the city center increases, the logarithm magnifies the errors further away from the city center,
putting an emphasis on the description of periurban areas. Conversely, the non-linear fit emphasises
the description of central areas. Thus, the linear model is led astray by small absolute (but large
relative) variations of land use in peripheral areas, which the non-linear model tends to disregard.
This might actually be an important result of this work, which probably also applies to the
modelling of population density profiles. Indeed, linear models are often used in the literature
(CITATIONS?) for population density.
3
with
3.2 Two- and one-parameter models
Actually, even with the non-linear model, a large part of the cities are predicted to have more than
100% artificial land in their center, which is impossible. We then try to force this 100% value in the
center, and to use a one parameter exponential fit which we call SNL (for simple non-linear model),
where the only parameter is the characteristic decrease distance lN : sN (r) ⇠ exp( r/lN ). In Table
1 and on Figure 2, we compare this new one-parameter fit SNL to the two-parameter fit NL which
was the most success ul so fa .
Table 1: Results of a linear fit f the fitted (log) characteristic distance lN against the (log) t tal
population N , log(lN) ⇠ ↵ log(N) + log(l1) for the diﬀerent models: linear fit (L), two-parameter and
one-parameter non-linear fits (models NL and SNL respectively) on all cities, and fits on continental
cities only (models NL20 and SNL20, resp.). Note that we exponentiated the second fitted coeﬃcient
in this table to obtain the distance l1 (and its standard error) in meters, which is easier to interpret.
L NL SNL NL20 SNL20
Scaling exponent ↵ 0.310⇤⇤⇤ 0.499⇤⇤⇤ 0.512⇤⇤⇤ 0.506⇤⇤⇤ 0.512⇤⇤⇤
(0.024) (0.012) (0.014) (0.012) (0.011)
Exp(constant): l1 (m) 124.2⇤⇤⇤ 7.64⇤⇤⇤ 6.23⇤⇤⇤ 7.06⇤⇤⇤ 6.64⇤⇤⇤
(45.4) (1.32) (1.24) (1.15) (1.03)
Observatio s 302 302 302 246 246
R2 0.356 0.847 0.816 0.886 0.897
Note: ⇤⇤⇤p<0.01
We see that the two sets of fits give similar evolutions of the inverse decrease distance, in
agreement with the
p
N scaling law of [1]. However, the two models diﬀer in particular in the way
they deal with coastal cities, as illustrated by Figure 2. We present using a color scale an indicator of
the local environment of the considered city. Indeed, large bodies of water such as seas or oceans are
not included within the Larger Urban Zones (LUZ), even when the city center is very close to them,
which is the case of coastal cities. As a consequence, for these cities, a large part of land is missing,
even close to the city center, because it is covered by a water body. In some rarer cases, land can
be missing because the considered city is at the border of a country or next to a neighbouring city,
which are then considered as outside of its urban area. We measure this phenomenon by the share
of missing land within a disc of (rescaled) radius r0 = 15 km, where r0 = r/
p
N/NLondon. This
means that this disc has a radius of 15 km for London, the largest urban area we study. For all
other urban areas, the radius is reduced proportionally to the square root of their total population
4
imposed	to	1
Coastal	cities	removed
Linear	model	on	logs	
performs	badly
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Rescaling=	almost	sq root	(0.512)
6.64	m
Exp(-1)
=	37%
urban	land
at																												for	the	Singleton	City
17			 10
Half	of	the	land	is	urbanised at						5					km	from	the	center	for	a	city	of					1			million	inhabitants
3.5 1/2
Introduction Data and Methods Cities and scaling Conclusion
Scaling of population density
Rescaling x- and
y-axes, by the
cube root of
population :
r 00 = r/l ,
⇢00 = ⇢/l ,
l =
(N/NLondon)1/3
Homothetic scaling of urban forms Rémi Lemoy (1), Geoﬀrey Caruso (1,2)
Population	density	profile	in	Europe	- rescaled
Finding	1:	Strong	
central	trend	(law)
(more	dispersed	at	tail)
Finding	2:	Cube	root	
is	near	optimal	
rescaling	of	both	
axes
Introduction Data and Methods Cities and scaling Conclusion
What is the best exponent?
’Signal’=R h⇢00(r 00)i2⇡r 00dr 00
aaa
’Noise’=R
 (⇢(r 00))2⇡r 00dr 00
aaa
r 00 =
r/(N/NLondon)b
aaa
⇢00 =
⇢/(N/NLondon)b
Conclusion: population is located in 3 dimensions.
Homothetic scaling of urban forms Rémi Lemoy (1), Geoﬀrey Caruso (1,2)
Empirical	evidence	to	the	intuition	of	Nordbeck 1971
Introduction Data and Methods Cities and scaling Conclusion
Nordbeck (1971)’s homotheties and allometric growth
It seems legitimate to claim that all urban areas have the same
form and shape.
In the same way that a vulcano is a volume of dimension 3, so we
may consider population of a tätort [urban area] as a volume with
the same dimensionality. The area of a tätort has the dimension 2.
It follows then that the b-value in the allometric formula A =  aPb
ought to be 2/3
Homothetic scaling of urban forms Rémi Lemoy (1), Geoﬀrey Caruso (1,2)
How	about	
”Urban	
Green	
Space”	
profiles?
Finding:
Skewed	
inverted	U	
shape
2.	Stylized	facts:	urbanised land	and	
population	density	profiles	across	Europe
1. Goals	and	assumptions
2. Europe
3. Brussels
Source:
• Ongoing	FNR	Scale-it-up	project	with	P	Killgariff,	Y	Wei	and	R	Lemoy
• Lemoy,	R.	and	Caruso,	G.,	2018.	Evidence	for	the	homothetic	scaling	of	urban	forms.	Environment	
and	Planning	B:	Urban	Analytics	and	City	Science.
• Delloye,	J.,	Lemoy,	R.	and	Caruso,	G.,	2019.	Alonso	and	the	scaling	of	urban	profiles.	Geographical	
Analysis.
LUZ	2006
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Stylized	facts:	Brussels	urban	land	profile
• Brussels	functional	area	is	urbanising in	the	periphery	solely
• Higher	shares	of	artificialisation compared	to	other	Belgian	cities	but	largely	
explained	by	population	size	effect
• After	controlling	for	city	size	(rescaling),
• Belgian	cities	are	all	more	“urbanised”	than	European	average
• Relative	to	Belgian	cities,
• Brussels	is	less	densely	urbanised in	periphery	than	expected
• Brussels	is	more	densely	urbanised in	the	core	than	expected
NB:	Do	not	forget	that	EU	average	is	an	empirical	observation,	not	a	desirable	norm!
Population	density	- Brussels Population	density	- Brussels
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Population	density- radial	profile	- Brussels	2006	and	range	of	EU	cities
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Population	density	profile	- Brussels
Population	density	profile	– Brussels	- rescaled
Stylized	facts:	Brussels	population	density	profile
• Brussels’overal profile	tend	to	be	more	in	line	with	a	S–curve	than	standard	negative	
exponential,	i.e.	plateau	followed	by	a	sharper	decrease
• After	controlling	for	city	size	(rescaling	(1.8	mio inh.),
• Brussels	is	more	dense	in	its	core	(up	to	4km)	than	expected	by	the	EU	model	
• Brussels	is	less	dense	within	its	direct	periphery	(4	to	10	km)	than	expected	by	
the	EU	model.
• The	farther	periphery	is	in	line	with	the	EU	model
NB:	Do	not	forget	that	EU	average	is	an	empirical	observation,	not	a	desirable	norm!
Outline
1. Policy	and	scientific	context	
2. Stylized	facts:	urbanised land	and	population	density	profiles	across	
Europe
3. Abstract	tools:	simulation	to	understand	policy	effects	in	a	
controlled	environment	
3.	Abstract	tools:	simulation	to	understand	
policy	effects	in	a	controlled	environment	
1. Goals	and	assumptions
2. Green	space	preference	and	density	
3. Pollution	exposure	and	density
Source:
• Caruso,	G,	Cavailhès,	J,	Peeters,	D,	Thomas,	I,	Frankhauser,	P.,	Vuidel,	G.	2015.	Greener	and	larger	
neighbourhoods make	cities	more	sustainable!	A	2D	urban	economics	perspective.	Computers,	
Environment	&	Urban	Systems	54,	82-94
• Schindler,	M,	Caruso,	G	and	Picard,	P.	2017	Equilibrium	and	first-best	city	with	endogenous	
exposure	to	local	air	pollution	from	traffic.	Regional	Science	and	Urban	Economics.	62:12-23.
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Abstract	models?	Why?
• Test	”pure”	effects
• Geographical	specificities/heterogeneities	,	by	definition,	cannot	be	explained,	but	blur	our	understanding	of	
behavioural and	policy	effects
• First:	understand	mechanisms
• Second:	Computational	power	to	apply	to	many	different	configurations	(geography	as	an	experimental	science!)
• Complex	interactions:	for	example:	density	is	both	the	result	and	a	determinant	of	the	
residential	choice	of	households
• Our	specific	goals:	understand	the	effect	on	urban	form	of	how	the	standard	housing-transport	
trade-off	interact	with	local	amenities	or	endogeneous pollution	effects.
Imagine…
• A city	where	all	jobs	are	locate	don	a	point	where	2	regional	roads	cross
• Household	settle	one	by	one	in	the	city
57
?
Household	behaviour:		max	U(Z,H)	=	ZaHb s.t. Z+RH=Y-T
No	preference	for	green	space
(=	standard	economic	model)
59Household	behaviour:		max	U(Z,H)	=	ZaHb Gg s.t. Z+RH=Y-T
With	green	space	preference
(=	standard	economic	model)
Appendix: NO	BLACK	BOX	MODEL
EXPLICIT	BEHAVIOUR
Endogeneous rents
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3.	Abstract	tools:	simulation	to	understand	
policy	effects	in	a	controlled	environment	
1. Goals	and	assumptions
2. Green	space	preference	and	density	
3. Pollution	exposure	and	density
Source:
• Caruso,	G,	Cavailhès,	J,	Peeters,	D,	Thomas,	I,	Frankhauser,	P.,	Vuidel,	G.	2015.	Greener	and	larger	
neighbourhoods make	cities	more	sustainable!	A	2D	urban	economics	perspective.	Computers,	
Environment	&	Urban	Systems	54,	82-94
• Schindler,	M,	Caruso,	G	and	Picard,	P.	2017	Equilibrium	and	first-best	city	with	endogenous	
exposure	to	local	air	pollution	from	traffic.	Regional	Science	and	Urban	Economics.	62:12-23.
Base	configuration	after	calibration	to	real	data
without	geographical	“noise”
Radial	push-pull	(commuting	vs	housing	costs)
+	Local	push-pull	(socialize	vs	nature)	in	a	variable	
neighbourhood size
+	path-dependence	(sequential	location	and	network)
Fit	to	a	200	000	city
Data	(housing	rents)	from	Besançon,	Brest,	Dijon	used	
to	estimate	neighbourhood green	preferences
Effect	of	Increasing	neighbourhood size,	i.e.	facilitating	non	costly	local	
trips	to	local	amenities
=>	WELFARE	+	SUSTAINABILITY	GAINS
Why	should	we	impose	strong	density	planning	while	a	much	better	
outcome	would	arise	‘naturally’	by	facilitating	short	trips	to	green	space	
and	social	interactions	?	(invest	in	sidewalks,	bike	lanes,…)
3.	Abstract	tools:	simulation	to	understand	
policy	effects	in	a	controlled	environment	
1. Goals	and	assumptions
2. Green	space	preference	and	density	
3. Pollution	exposure	and	density
Source:
• Caruso,	G,	Cavailhès,	J,	Peeters,	D,	Thomas,	I,	Frankhauser,	P.,	Vuidel,	G.	2015.	Greener	and	larger	
neighbourhoods make	cities	more	sustainable!	A	2D	urban	economics	perspective.	Computers,	
Environment	&	Urban	Systems	54,	82-94
• Schindler,	M,	Caruso,	G	and	Picard,	P.	2017	Equilibrium	and	first-best	city	with	endogenous	
exposure	to	local	air	pollution	from	traffic.	Regional	Science	and	Urban	Economics.	62:12-23.
Thus, it emits more at the first kilometres of the commute up to a cold-distance dc. For some
pollutants, the majority of total emissions are due to cold-start emissions (Weilenmann et al.,
2009). The cold-distance depends on the pollutant type, engine type, speed and meteorology
conditions. The emission factor is then a function of distance driven ~r, summing normal
emissions b and excess emissions bð~rÞ (EC, 1999)
bð~rÞ ¼ k3 1$ kð ~r k1Þ=dc2
! ".
1$ k$k12
! "
ð5Þ
where k1, k2 and k3 are technical constants.
Traffic congestion. Traﬃc congestion reduces the speed of travel. The generation of emissions
is for most pollutants a parabolic function of average driving speed (Niemeier et al., 2011)
and thus on-road emissions are higher with low average speed. Higher emissions ðbþ bð!ÞÞ
are therefore generated locally where the capacity of a road segment is exceeded. These extra
emissions bð!Þ are a function of the travel delay !. The travel delay ! of a commute to the
CBD r of a household along the commuting route D including locations j is (adapted from
Lomax et al., 1997)
!i ¼ s=v
X
j2Di
Tj=Fj ð6Þ
where F is the capacity of a road segment, s the cell resolution and v the free flow travel
speed.
Pollution dispersion. Pollution is diﬀused in space by wind. Higher wind speeds yield higher
diﬀusivity rates. The diﬀusivity rate is the share of pollutant concentration that is dispersed
Figure 1. Processes of the ABM with the feedback of traffic-induced pollution on residential location
choice.
ABM: agent-based models.
6 Environment and Planning B: Urban Analytics and City Science 0(0)
Endogenizing traffic	flows,	pollution	
emissions	and	pollution	exposure	the	model Being	polluted	vs	Polluting
Figure 7. Urban structures as result of the interaction between environmental and health concerns
ð! ¼ 0:2, " ¼ 0:03Þ. (a) #¼ 0.0. (b) #¼ 0.1. (c) #¼ 0.3.
Figure 6. Households’ exposure (a) and emission contribution (b) averaged across network distances with
increasing aversion " to exposure during the commute ð! ¼ 0:2,# ¼ 0:0Þ.
14 Environment and Planning B: Urban Analytics and City Science 0(0)
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Urban	form	with	endogenous	traffic	pollution:	
policy	lessons
Low High
Aversion	to	traffic	pollution	
• Awareness	of	pollution	reinforces	
suburbanisation :	shifts	density	from	the	
core	to	the	periphery
• You	must	tax suburban	households	to	reach	
Social	Optimum				(Schindler,	Picard,	Caruso,	2016)	=>	
those	who	pollute	more	pay	for	those	who	are	more	
exposed!
• Micro	urban	design	reduces	exposure	:
• Green	space	at	the	center
• Dead-end	streets
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Conclusion/Opinion
• Density	is	not	a	goal	per	se
• Density	can	take	many	forms	and	none	should	be	a	taboo
• Whatever	the	local	form,	at	the	functional	area	scale	- where	most	environmental	
effects	should	be	considered	- cities	are	very	much	the	same
• Density	is	the	result	of	a	complex	decision	making	on	the	household’s	side,	not	
only	from	developers	and	planners
• Planning	by	density	norms	for	environmental	purpose,	ignoring	welfare	impact,	
may	have	deep	reverse	effects
• Local	design	and	intense	integration	of	nature	is	a	must	in	all	case	to	avoid	
disbenefits and	avoid	further	suburbanisation
